We have studied the surface plasmon theory with Bloch's hydrodynamic model. The results of the analysis done by Bloch model have been compared with the ones done with Drude model and the dominant differences between two models in valid frequency range have been shown. The transmittance of the slit embedded in a metal layer has been investigated by these models and the differences have been emphasized. An electron density dependent parameter defined by Bloch model has been used to control the transmission behavior of the light through nano-apertures. A system consisting of a nano-slit formed in a metal layer with a periodically textured surface used for beam focusing has been introduced and how the focusing capacity of the system is controlled by the parameter defined by Bloch model has been shown.
SURFACE PLASMON THEORY
Surface plasmons are the waves that propagate on the surface of the metals. When the light hits the surface of the metal, the electric field of the light causes the free electrons of the metal to oscillate collectively and this collective oscillation triggers the excitation of the surface plasmons. Dispersion relation of the surface plasmon can be found by solving Maxwell's equations and corresponding boundary conditions between the metal and the dielectric medium which have an interface where the surface plasmons propagate on. The dispersion relation of the surface plasmon is shown in equation 1.
where ε d is the permittivity of the dielectric medium on top of the metal layer characterized by the dielectric constant ε m . In Drude model, the interaction between the nucleus and an electron is modeled by a material dependent spring constant. Drude model finds the dielectric constant of the metals in equation 2.
where Γ is the scattering rate and ω p is the plasma frequency. Drude model finds the dielectric function of the matter by focusing on the local interactions but at higher frequencies atomic level interaction can not be negligible and a more realistic model which models the matter as fluid and counts for the interaction between all atoms dynamically is need. 
where z is the direction normal to the surface of the metal, q is the 2D wavevector on the surface, ω p is the plasma frequency and η is the free loss parameter of the metal. Bloch model considers the interrelated interaction between matter and the electromagnetic field that impinges on it. Bloch model defines a new parameter,
which is the speed of propagation of the hydrodynamic disturbances in the system of electron where n(r) is the electron density.
9 Electron density has a customary relationship with the Bohr radius, a B , 4πn(r) = (r s a B )
−2 where a B = 0.529A o and r s a B represents the radius of the disk which contains in an average electron.
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We have compared the dielectric constant of the silver found by experiment with ones calculated by Drude and Bloch models in figure 1-(a) . Using the real value of the plasmon frequency of silver (ω p = 3.8 eV), we have shown that while Bloch model predicts the behavior of the dielectric constant for a wide range of frequencies, Drude model fails to predict it. We have calculated the dispersion curve of the surface plasmon in figure 1-(b) . The dramatic difference between the surface plasmon curves calculated by two models is that at the surface plasmon frequency,
there is a singularity for Drude model. The system excites the surface plasmon if the dispersion curve of the surface plasmon lies below the light line. Thus for Drude model, after the frequency ω sp , there is no surface plasmon excitation but for Bloch model, the surface plasmon excitation exists for all frequencies at the frequency range from 0 to ω p .
ENHANCED TRANSMISSION
The surface plasmons are the dominant factor in the enhanced transmission of the light through nano-apertures.
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Thus by controlling the energy of the surface plasmons excited in nano-apertures, we have showed how the transmission characteristics of the subwavelength structures can be controlled. Bloch's model gives us the advantage that we can control the transmittance behavior of nano-apertures by changing β parameter which depends on the dimensionless parameter, r s . In figure 3 -(a), we have shown how the dielectric function of a metal varies with r s . We have found that the dielectric function of the matter shows metallic characteristics (both real and * Data of the dielectric constant of silver is taken from the University of Central Florida, lecture notes of Fundamentals of Optical Science Spring 2007.
imaginary parts of the dielectric constant are negative), in the range between 2 < r s < 6. Hence we have done our transmission calculations in this r s range.
The transmittance behavior of nano-slits embedded in metal layers has been found by Zhijun Sun and Hong Koo Kim. 3 In figure 3 -(b), we have found that the transmittance shows an increasing behavior with r s . The reason behind this phenomena is that r s has an inverse proportionality with n(r) which determines the total loss of the system. As n(r) increases, the imaginary part of the surface plasmon wavevector which determines the amount of loss in the surface plasmon energy as it propagates on the surface of the metal increases. Hence if the surface plasmon is excited in a nano-aperture embedded in a metal layer with higher loss coefficient, it dissipates its energy more rapidly compare to one propagating in a system with low loss. 
BEAM FOCUSING
Single nano-apertures show enhanced transmission when surrounded by a periodic structure. 2 In figure 3 -(b), we have shown a COMSOL Multiphysics simulation of a system where a nano-slit embedded in a metal layer with a periodically textured surface on top as schematically drawn in figure 3-(a) . When a planar wave is shot to the bottom side of the metal layer, the two edges of the slit behave like a dipole and the evanescent field generated by these dipoles excites surface plasmon on the surface of the metal. The surface plasmon propagates on the surface of the slit and hits the textured surface. When the surface plasmon reaches each grove between two periodic ears, it diffracts into radial distribution. Hence whole structure behaves like an antenna array. In figure 3 -(b), we have shown that the beam waist of the focused beam after the structure decreases with r s , in other words, the beam becomes more focused and well collimated after the textured surface.
CONCLUSION
In this study, we have proposed a new method to control the focusing capability of the metallic textured structures, i.e. controlling the transmittance of nano-apertures by changing the β parameter defined by Bloch's hydrodynamic model. Modifying β parameter could be experimentally low costly and easier to manufacture than changing the dimension of each groove or the the periodicity of the ears on the upper surface of the metal. 
